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RATE-DISTORTION CONTROL SCHEME IN AUDIO ENCODING 

FIELD OF THE INVENTION 
[0001] The invention relates to audio encoding in general. More 
particularly, the invention relates to a rate-distortion control scheme for encoding 
of digital data. 

COPYRIGHT NOTICE/PERMISSION 
[0002] A portion of the disclosure of this patent document contains 
material which is subject to cop)night protection. The copyright owner has no 
objection to the facsimile reproduction by anyone of the patent document or the 
patent disclosure as it appears in the Patent and Trademark Office patent file or 
records, but otherwise reserves all copyright rights whatsoever. The following 
notice applies to the software and data as described below and in the drawings 
hereto: Copyright © 2001, Sony Electronics, Inc., All Rights Reserved. 

BACKGROUND OF THE INVENTION 
[0003] The standardized body. Motion Picture Experts Group (MPEG), 
discloses conventional data compression methods in their standards such as, for 
example, the MPEG-2 advanced audio coding (AAC) standard (see ISO/IEC 
13818-7) and the MPEG-4 AAC standard (see ISO/IEC 14496-3). These standards 
are collectively referred to herein as the MPEG standard. 
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[0004] An audio encoder defined by the MPEG standard receives an 
input pulse code modulation (PCM) signal, converts it through a modified 
discrete cosine transform (MDCT) operation into frequency spectral data, and 
determines optimal scale factors for quanitizing the frequency spectral data using 
a rate-distortion control mechanism. The audio encoder further quantizes the 
frequency spectral data using the optimal scale factors, groups the resulting 
quantized spectral coefficients into scalefactor bands, and then subjects the 
grouped quantized coefficients to Huffman encoding. 

[0005] According to the MPEG standard, the rate-distortion control 
mechanism operates iteratively to select scale factors that can produce spectral 
data satisfying two major requirements. Firstly, the quantization noise (audio 
quality) may not exceed allowed distortion that indicates the maximum amount 
of noise that can be injected into the spectral data without becoming audible. The 
allowed distortion is typically determined based on psychoacoustic modeling of 
human hearing. Secondly, the amount of used bits resulting from the Huffman 
encoding may not exceed an allowable amoimt of bits calculated from the bit rate 
specified upon encoding. 

[0006] The rate-distortion control mechanism typically defines 
individual scale factors and a common scale factor. Individual scale factors vary 
for different scalefactor bands within the frame and a common scale factor is not 
changed within the frame. According to the MPEG standard, the rate-distortion 
control process iteratively increments an initial (the smaUest possible) common 
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scale factor to irdrdmize the difference between the amoxint of used bits resulting 
from the Huffman encoding and the allowable amount of bits calculated from the 
bit rate specified upon encoding. Then, the rate-distortion control process checks 
the distortion of each individual scalefactor band and, if the allowed distortion is 
exceeded, amplifies the scalefactor bands, and calls the common scale factor loop 
again. This rate-distortion control process is reiterated imtil the noise of the 
quantized frequency spectrimi becomes lower than the allowed distortion and 
the amount of bits required for quantization becomes lower than the allowable 
amoimt of bits. 

[0007] The above-described conventional rate-distortion control 
process takes a large amount of computation because it has to process a wide 
range of possible scale factors. In addition, it lacks the ability to choose optimal 
scale factors when a low bit-rate (below 64 kbits /sec) is required. 

SUMMARY OF THE INVENTION 
[0008] An initial number of bits associated with an initial common scale 
factor is determined, an initial increment is computed using the initial number of 
bits and a target number of bits, and the irutial scale factor is incremented by the 
irutial increment. Further, the incremented common scale factor is adjusted 
based on the target number of bits, and individual scale factors are computed 
based on the adjusted common scale factor and allowed distortion. If a current 
number of bits associated with the computed individual scale factors exceeds the 
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target number of bits, the adjusted common scale factor is modified imtil a 
resulting number of bits no longer exceeds the target niunber of bits. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0009] The present invention will be understood more fully from the 
detailed description given below and from the accompanying drawings of 
various embodiments of the invention, which, however, should not be taken to 
limit the invention to the specific embodiments, but are for explanation and 
understanding orUy. 

[0010] Figure 1 is a block diagram of one embodiment of an encoding 
system. 

[0011] Figure 2 is a flow diagram of one embodiment of a process for 
selecting optimal scale factors for data within a frame. 

[0012] Figure 3 is a flow diagram of one embodiment of a process for 
adjusting a common scale factor. 

[0013] Figures 4A-4C are flow diagrams of one embodiment of a 
process for using increase-bit/ decrease-bit modification logic when modifying a 
common scale factor. 

[0014] Figure 5 is a flow diagram of one embodiment of a process for 
computing individual scale factors. 

[0015] Figure 6 is a flow diagram of one embodiment of a process for 
determining a final value of a common scale factor. 
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[0016] Figure 7 is a block diagram of a computer environment suitable 
for practicing embodiments of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0017] In the following detailed description of embodiments of the 
invention, reference is made to the accompanying drawings in which like 
references indicate similar elements, and in which is shown, by way of 
illustration, specific embodiments in which the invention may be practiced 
These embodiments are described in sufficient detail to enable those slcilled in the 
art to practice the invention, and it is to be understood that other embodiments 
may be utilized and that logical, mechanical, electrical, fimctional and other 
changes may be made without departing from the scope of the present inyimtion. 
The following detailed description is, therefore, not to be taken in a limitir g 
sense, and the scope of the present invention is defined only by the appended 
claims. 

[0018] Beginning vnth an overview of the operation of the invention. 

Figure 1 illustrates one embodiment of an encoding system 100. The encoding 

■1 

system 100 is in compliance with MPEG audio coding standards (e.g., the MPEG- 

I j 

2 AAC standard, the MPEG-4 AAC standard, etc.) that are collectively referred to 
herein as the MPEG standard. The encoding system 100 includes a filterbank 
module 102, coding tools 104, a psychoacoustic modeler 106, a quantization 
module 110, and a Huffman encoding module 114. 



080398.P565 



-6- 



[0019] The filterbank module 102 receives a pulse code modulation 
(PCM) signal, modulates it using a window function, and then performs a 
modified discrete cosine transform operation (MDCT). The window function 
modulates the signal using two types of operation, one being a long window type 
in which a signal to be analyzed is expanded in time for improved frequency 
resolution, the other being a short window type in which a signal to be analyzed 
is shortened in time for improved time resolution. The long window type is used 
in the case where there exists only a stationary signal, and the short window type 
is used when there is a rapid signal change. By using these two types of 
operation according to the characteristics of a signal to be analyzed, it is possible 
to prevent the generation of xmpleasant noise called a pre-echo, which would 
otherwise result from an insufficient time resolution. The MDCT operation is 
performed to convert the time-domain signal into a nimiber of samples of 
frequency spectral data. 

[0020] The coding tools 104 include a set of optional tools for spectral 
processing. For example, the coding tools may include a temporal noise shaping 
(TNS) tool and a prediction tool. The TNS tool may be used to control the 
temporal shape of the noise within each window of the transform and to solve 
the pre-echo problem. The prediction tool may be used to remove the correlation 
between the samples. 

[0021] The psychoacoustic modeler 106 analyzes the samples to 
determine an auditory masking curve. The auditory masking curve indicates the 
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maximiim amount of noise that can be injected into each respective sample 
without becoming audible. What is audible in this respect is based on 
psychoacoustic models of human hearing. The auditory masking curve serves as 
an estimate of a desired noise spectrimi. 

[0022] The quantization module 110 is responsible for selecting optimal 
scale factors for the frequency spectral data. As will be discussed in more detail 
below, the scale factor selection process is based on allowed distortion computed 
from the masking curve and the allowable nixmber of bits (referred to as a target 
niraiber of bits) calculated from the bit rate specified upon encoding. Once the 
optimal scale factors are selected, the quantization module 110 uses them to 
quantize the frequency spectral data. The resulting quantized spectral 
coefficients are grouped into scalefactor bands (SFBs). Each SFB includes 
coefficients that resulted from the use of the same scale factor. 

[0023] The Huffman encoding module 114 is responsible for selecting 
ein optimal Huffman codebook for each group of quantized spectral coefficients 
and performing the Huffman-encoding operation using the optimal Huffman 
codebook. The resulting variable length code (VLC), data identifying the 
codebook used in the encoding, the scale factors selected by the quantization 
module 110, and some other information are subsequently assembled into a bit 
stream. 

[0024] In one embodiment, the quantization module 110 includes a 
rate-distortion control section 108 and a quantization/ dequantization section 112. 
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The rate-distortion control section 108 performs an iterative scale factor selection 
process for each frame of spectral data. In this process, the rate-distortion control 
section 108 finds an optimal common scale factor for the entire frame and optimal 
individual scale factors for different scalefactor bands within the frame. 

[0025] In one embodiment, the rate-distortion control section 108 
begins with setting an initial common scale factor to the value of a common scale 
factor of a previous frame or another channel. The quantization/dequantization 
section 112 quantizes the spectral data within the frame using the initial common 
scale factor and passes the quantized spectral data to the Huffman encoding 
module 114 that subjects the quantized spectral data to Huffman encoding to 
determine the number of bits used by the resulting VLC. Based on this number 
of used bits and the target number of bits calculated from the bit rate specified 
upon encoding, the rate-distortion control section 108 determines a first 
increment for the initial common scale factor. When the first increment is added 
to the iiutial common scale factor, the incremented common scale factor produces 
the nxmiber of bits that is relatively close to the target nimiber of bits. Then, the 
rate-distortion control section 108 further adjusts the incremented common scale 
factor to achieve a more precise proximity of the resulting nvimber of used bits to 
the target nxmiber of bits. 

[0026] Further, the rate-distortion control section 108 computes 
individual scale factors for scalefactor bands within the frame. As will be 
discussed in more detail below, the individual scale factors are computed based 
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on the adjusted common scale factor and allowed distortion. In one embodiment, 
the computation of each individual scale factor involves iterative modification of 
each individual scale factor xmtil an energy error associated with a specific 
individual scale factor is below the allowed distortion. In one embodiment, the 
energy error is calculated by the quantization/ dequantization section 112 by 
quantizing frequency spectral data of a scalefactor band using a given scale 
factor, then dequantizing this quantized data with the given scale factor, and 
then computing the difference between the original (pre-quantized) frequency 
spectral data and the dequantized spectral data. 

[0027] Once individual scale factors are computed, the rate-distortion 
control section 108 determines whether a niraiber of bits produced by use of the 
individual scale factors and the adjusted comjxion scale factor exceeds the target 
number of bits. If so, the rate-distortion control section 108 further modifies the 
adjusted common scale factor imtil a resulting number of used bits no longer 
exceeds the target nimiber of bits. Because the computed individual scale factors 
produce the desired profile of the quantization noise shape, they do not need to 
be recomputed when the adjusted common scale factor is modified. 

[0028] Figures 2-6 are flow diagrams of a scale factor selection process 
that may be performed by a quantization module 110 of Figure 1, according to 
various embodiments of the present invention. The process may be performed 
by processing logic that may comprise hardware (e.g., circuitry, dedicated logic, 
etc.), software (such as run on a general purpose computer system or a dedicated 
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machine), or a combination of both. For software-implemented processes, the 
description of a flow diagram enables one skilled in the art to develop such 
programs including instructions to carry out the processes on suitably configxired 
computers (the processor of the computer executing the instructions from 
computer-readable media, including memory). The computer-executable 
instructions may be written in a computer programming language or may be 
embodied in firmware logic. If written in a programming language conforming 
to a recognized standard, such instructions can be executed on a variety of 
hardware platforms and for interface to a variety of operating systems. In 
addition, the embodiments of the present invention are not described with 
reference to any particxilar programming language. It will be appreciated that a 
variety of programming languages may be used to implement the teachings 
described herein. Furthermore, it is common in the art to speak of software, in 
one form or another (e.g., program, procedure, process, application, module, 
logic...), as taking an action or causing a result. Such expressions are merely a 
shorthand way of saying that execution of the software by a computer causes the 
processor of the computer to perform an action or produce a result. It will be 
appreciated that more or fewer operations may be incorporated into the 
processes illustrated in Figures 2-6 without departing from the scope of the 
invention and that no particular order is implied by the arrangement of blocks 
shown and described herein. 
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[0029] Figure 2 is a flow diagram of one embodiment of a process 200 
for selecting optimal scale factors for data within a frame. 

[0030] Referring to Figure 2, processing logic begins with determining 
an initial common scale factor for data within a frame being processed 
(processing block 202). The frame data may include frequency spectral 
coefficients such as MDCT frequency spectral coefficients. In one embodiment, 
processing logic determines the initial common scale factor for the frame by 
ensuring that a spectral coefficient with the largest absolute value within the 
frame is not equal to zero, and then setting the initial common scale factor to a 
common scale factor of a previous frame or another channel. For example, the 
initial common scale factor in channel 0 may be set to a common scale factor of 
the previous frame, and the initial common scale factor in channel 1 may be set to 
a common scale factor of chaimel 0. If the spectral coefficient with the largest 
value in the frame is equal to zero, processing logic sets the initial common scale 
factor to a predefined number (e.g., 30) that may be determined experimentally. 

[0031] Next, processing logic quantizes the data in the frame using the 
irdtial common scale factor (processing block 204) and tests the validity of the 
resulting quantized data (decision box 206). In one embodiment, a quantized 
spectral coefficient is valid if its absolute value does not exceed a threshold 
number (e.g., 8191 according to the MPEG standard). If the resulting quantized 
data is not valid, processing logic increments the initial common scale factor by a 
constant (e.g., 5) that may be determined experimentally (processing block 208). 
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[0032] If the resulting quantized data is valid, processing logic 
determines the number of bits that are to be used by Huffman-encoded 
quantized data (processing block 210), computes a first increment for the initial 
common scale factor based on the number of used bits and a target number of 
bits (processing block 212), and adds the first increment to the to the initial 
common scale factor (processing block 214). As discussed above, the target 
nimiber of bits may be calculated from the bit rate specified upon encoding. 

[0033] In one embodiment, the first increment is calcxilated using the 
following expression: 

initial_Jncrement -10* (initial Jbits - targetjbits) / target Jbits, 
wherein initial_increment is the first increment, initial Jbits is the niunber of used 
bits, and targetjbits is the target nxmiber of bits. The above expression was 
developed (e.g., during a series of experiments) to provide a djmamic increment 
scheme directed to achieving a fast convergence of the nvimber of used bits to the 
target number of bits. That is, the incremented common scale factor produces the 
nimiber of used bits that is likely to be relatively close to the target niraiber of 
bits. However, the produced number of used bits may still be higher or lower 
than the target nxmiber of bits. 

[0034] Next, processing logic further adjusts the incremented common 
scale factor to achieve a more precise proximity of the resulting number of used 
bits to the target number of bits (processing block 220). One embodiment of the 
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adjustment process will be discussed in more detail below in conjunction with 
Figure 3. 

[0035] At processing block 222, processing logic computes individual 
scale factors for scalefactor bands within the frame using the adjusted common 
scale factor and allowed distortion. In one embodiment, the allowed distortion is 
calculated based on a masking curve obtained from a psychoacoustic modeler 
106 of Figure 1. One embodiment of a process for computing individual scale 
factors is discussed in more detail below in conjunction with Figure 5. 

[0036] Further, processing logic determines a number of bits produced 
by use of the computed individual scale factors and the adjusted common scale 
factor (processing block 224) and determines whether this number of used bits 
exceeds the target number of bits (decision box 226). If so, processing logic 
further modifies the adjusted common scale factor imtil the resulting nximber of 
used bits no longer exceeds the target number of bits (processing block 226). One 
embodiment of a process for determining a final common scale factor will be 
discussed in more detail below in conjunction with Figure 6. As discussed above, 
the individual scale factors do not need to be recomputed when the common 
scale factor is modified. 

[0037] Figure 3 is a flow diagram of one embodiment of a process 300 
for adjusting a common scale factor. 

[0038] Referring to Figure 3, processing logic begins with quantizing 
the frame data using a current common scale factor (processing block 302). In 
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one embodiment, the current common scale factor is the incremented scale factor 
calculated at processing block 214 of Figure 2 

[0039] Next, processing logic checks whether the quantized data is 
valid (decision box 304). If not, processing logic increments the current scale 
factor by a constant (e.g., 5) (processing block 306). If so, processing logic 
determines a number of bits be used by the quantized spectral data upon 
Huffman-encoding (processing block 308) 

[0040] Further, processing logic determines whether the number of 
used bits exceeds the target number of bits (decision box 310). If not, then more 
bits can be added to the data transmitted after Huffman encoding. Hence, 
processing logic modifies the current common scale factor using incite lase-bit 
modification logic (processing block 312). If the determination made at decision 
box 310 is positive, then processing logic modifies the current common scale 
factor using decrease-bit modification logic (processing block 314). 

[0041] Figures 4A-4C are flow diagrams of one embodiment of a 
process 400 for using increase-bit/ decrease-bit modification logic when 
modifying a common scale factor. 

[0042] Referring to Figures 4A-4C, processing logic begins with setting 
a current value of a quanitzer change field to a predefined number (e.g., 4) and 
initializing a set of flags (processing block 402). The set of flags includes a rate 
change flag (referred to as "over_budget") that indicates a desired direction for 
changing the number of used bits (i.e., whether this number needs to be increased 
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or decreased). In addition, the set of flags includes an upcrossed flag and a 
downcrossed flag. The upcrossed flag indicates whether the number of used bits 
that is desired to be incremented has crossed (i.e., is no longer less than or equal 
to) the target number of bits. The downcrossed flag indicates whether the 
number of used bits that is desired to be decreased has crossed (i.e., is no longer 
greater than) the target number of bits. 

[0043] At decision box 403, processing logic deternunes whether the 
current value of the quantizer change field is equal to 0. If so, process 400 ends. 
If not, process 400 continues with processing logic quantizing the spectral data 
within the frame being processed using a current common scale factor and 
determining a number of bits used by the quantized spectral data upon Huffman 
encoding (processing block 404). 

[0044] At decision box 406, processing logic determines whether the 
number of used bits is below the target number of bits. If yes, and this is not the 
first iteration (decision box 408), the rate change flag remains to be set to the 
value indicating the increase bit direction (e.g., over_budget =1). If not, or this is 
the first iteration (decision box 408), processing logic updates the rate change flag 
with the value indicating the decrease bit direction (e.g., over_budget = 0) 
(processing bloclc 410). 

[0045] Further, if the rate change flag indicates the increase bit 
direction (decision box 412), processing logic determines whether the upcrossed 
flag is set to 1 (decision box 414). If so, processing logic calculates the current 
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value of the quantizer change field as quantizer johange - quantizer ^change » 1 
(processing block 416) and determines whether the number of used bits is below 
the target number of bits (decision box 418). If so, processing logic subtracts the 
value of the quanitzer change field from the current common scale factor 
(processing block 420) and proceeds to decision box 404. If not, processing logic 
adds the value of the quanitzer change field to the current common scale factor 
(processing block 422) and proceeds to decision box 404. 

[00461 If the upcrossed flag is set to 0 (decision box 414), processing 
logic determines whether the number of used bits is below the target number of 
bits (decision box 424). If so, processing logic subtracts the current value of the 
quanitzer change field from the current common scale factor (processing block 
426) and proceeds to decision box 404. If not, processing logic sets the upcrossed 
flag to 1, calculates the new value of the quantizer change field as 
quantizer _change = quantizer johange » 2, subtracts the new value of the quanitzer 
change field from the current common scale factor (processing block 428), and 
proceeds to decision box 404. 

[0047] If the rate change flag indicates the decrease bit direction 
(decision box 412), processing logic determines whether the downcrossed flag is 
set to 1 (decision box 430). If so, processing logic calculates the current value of 
the quantizer change field as quantizer jchange - quantizer ^change » 1 (processing 
block 432) and determines whether the number of used bits is below the target 
number of bits (decision box 434). If not, processing logic adds the current value 
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of the quanitzer change field to the current common scale factor (processing 
block 436) and proceeds to decision box 404. If so, processing logic subtracts the 
current value of the quanitzer change field from the current common scale factor 
(processing block 438) and proceeds to decision box 404. 

[0048] If the downcrossed flag is set to 0 (decision box 430), processing 
logic determines whether the number of used bits is below the target number of 
bits (decision box 440). If not, processing logic adds the current value of the 
quanitzer change field to the current common scale factor (processing block 442) 
and proceeds to decision box 404. If so, processing logic sets the downcrossed 
flag to 1, calculates the new value of the quantizer change field as 
quantizer _change = quantizer ^change » 1, subtracts the new value of the quanitzer 
change field from the current common scale factor (processing block 444), and 
proceeds to decision box 404. 

[0049] Figure 5 is a flow diagram of one embodiment of a process 500 
for computing individual scale factors. 

[0050] Referring to Figure 5, processing logic begins with a first 
individual scale factor by setting it to the value of the common scale factor and by 
setting a current increment field to a first constant A (e.g., A = 1) (processing 
block 502). Then, processing logic increments this individual scale factor by the 
current increment value (processing block 504), quantizes corresponding spectral 
coefficients using the incremented individual scale factor (processing block 506), 
dequantizes the quantized coefficients with the same individual scale factor 
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(processing block 508), and computes an energy error associated with this 
individual scale factor based on the difference between the original (pre- 
quantized) spectral coefficients and the dequantized spectral coefficients 
(processing block 510). 

[0051] At decision box 512, processing logic determines whether the 
computed energy error is greater than K * allowed_distortion_energy, where is a 
constant and allowed_distortion_energy is an allowed quantization error (also 
referred to as allowed distortion). In one embodiment, the allowed distortion is 
calculated based on the masking curve provided by the psychoacoustic modeler 
106 of Figure 1. 

[0052] If the determination made at decision box 512 is negative, 
processing logic sets the current increment field to the first constant A 
(processing block 514). Otherwise, processing logic sets the current increment 
field to a second constant B (e.g., B = 3) (processing block 516). In one 
embodiment, parameters A, B and K are determined experimentally, choosing 
the values that are likely to provide good performance. 

[0053] Further, processing logic determines whether the computed 
energy error is lower than the allowed distortion (decision box 518). If not, 
processing logic returns to processing block 504 and repeats blocks 504 through 
518. If so, the value of this individual scale factor is considered final, and 
processing logic moves to the next individual scalef actor (processing block 522). 
If all scale factors of this frame are processed (decision box 520), process 500 ends. 
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[0054] Figure 6 is a flow diagram of one embodiment of a process 600 
for determining a final value of a common scale factor. 

[0055] Referring to Figure 6, processing logic begins with setting the 
value of an offset field to a first constant (e.g., offset = 3) (processing block 602). 
Next, processing logic quantizes spectral data within the frame being processed 
using computed individual scale factors and a current common scale factor 
(processing block 604) and determines the number of bits used by the quantized 
data upon Huffman encoding (processing block 606). 

[0056] Further, processing logic determines whether the number of 
used bits exceeds the target number of bits (decision box 608). If so, processing 
logic adds the offset value to the current common scale factor (processing block 
610), sets the offset value to a second constant (e.g., offset = 1), and returns to 
processing block 604. Otherwise, if the number of used bits exceeds the target 
number of bits, process 600 ends. 

[0057] The following description of Figure 7 is intended to provide an 
overview of computer hardware and other operating components suitable for 
implementing the invention, but is not intended to limit the applicable 
environments. Figure 7 illustrates one embodiment of a computer system 
suitable for use as an encoding system 100 or just a quantization module 110 of 
Figure 1. 

[0058] The computer system 740 includes a processor 750, memory 755 
and input/ output capability 760 coupled to a system bus 765. The memory 755 is 
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configured to store instructions which, when executed by the processor 750, 
perform the methods described herein. Input /output 760 also encompasses 
various types of computer-readable media, including any type of storage device 
that is accessible by the processor 750. One of skill in the art will immediately 
recognize that the term "computer-readable medium/ media'' further 
encompasses a carrier wave that encodes a data signal. It will also be appreciated 
that the system 740 is controlled by operating system software executing in 
memory 755. Input/ output and related media 760 store the computer-executable 
instructions for the operating system and methods of the present invention. The 
quantization module 110 shown in Figure 1 may be a separate component 
coupled to the processor 750, or may be embodied in computer-executable 
instructions executed by the processor 750. In one embodiment, the computer 
system 740 may be part of, or coupled to, an ISP (Internet Service Provider) 
through input /output 760 to transmit or receive image data over the Internet. It 
is readily apparent that the present invention is not limited to Internet access and 
Internet web-based sites; directly coupled and private networks are also 
contemplated. 

[0059] It will be appreciated that the computer system 740 is one 
example of many possible computer systems that have different architectures. A 
typical computer system will usually include at least a processor, memory, and a 
bus coupling the memory to the processor. One of skill in the art will 
immediately appreciate that the invention can be practiced with other computer 
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system configurations, including multiprocessor systems, minicomputers, 
mainframe computers, and the like. The invention can also be practiced in 
distributed computing environments where tasks are performed by remote 
processing devices that are linked through a commimications network. 

[0060] Various aspects of selecting optimal scale factors have been 
described. Although specific embodiments have been illustrated and described 
herein, it will be appreciated by those of ordinary skill in the art that any 
arrangement which is calculated to achieve the same purpose may be substituted 
for the specific embodiments shown. This application is intended to cover any 
adaptations or variations of the present invention. 
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